Protective Effect of Ergothioneine on DNA Damage of Post-Thawed Merino Ram Sperm by BUCAK, Mustafa Numan et al.
Protective Effect of Ergothioneine on DNA Damage of 
Post-Thawed Merino Ram Sperm
Mustafa	Numan	BUCAK1),	Kenan	ÇOYAN1),	Nuri	BAŞPINAR2),	Mehmet	TAŞPINAR3)
 
1)	Selcuk	University,	Veterinary	Faculty,	Konya,	Turkey,	mustafanbucak@yahoo.com,	2)	Selcuk	University,	Veteri-
nary	Faculty,	Department	of	Biochemistry,	Konya,	Turkey,	3)Yüzüncü	Yıl	University,	Madical	Faculty,	Department	of	
Medical	Biology,	Van,	Turkey
Bulletin	UASVM	Veterinary	Medicine	71	(1)	/	2014,	34-38
Print	ISSN	1843-5270;		Electronic	ISSN	1843-5378
Abstract
The	objective	of	 the	current	study	was	to	evaluate	 the	effects	of	antioxidant	ergothioneine	added	to	
cryopreservation	extender	on	DNA	intergrity	of	Merino	ram	sperm. Semen	samples	from	5	mature	Merino	
rams	(1	and	2	years	of	age)	were	used	in	the	study.	Semen	samples,	which	were	diluted	with	a	Tris-based	
extender	containing	ergothioneine	at	different	doses	and	no	antioxidant	(control),	were	cooled	to	5oC	and	
frozen	in	0.25	ml	French	straws.	Frozen	straws	were	then	thawed	at	37oC	for	20	s	in	a	water	bath	for	evaluation.	The	addition	of	ergothioneine	at	doses	of	1,	2	and	4	mM	resulted	in	lower	sperm	with	damaged	DNA	(5.4,	
4.7	and	3.2%,	respectively)	than	that	of	control	(7.9%),	thus	reducing	the	DNA	damage	(P<0.01). Findings	of	
this	study	showed	that	the	increasing	doses	of	ergothioneine	supplementation	in	semen	extenders,	was	of	
greater	benefit	to	DNA	integrity	of	frozen-thawed	ram	sperm.
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INTRODUCTION
Freezing	 of	 semen	 has	 been	 widely	 used	 as	
a	 vital	 tool	 of	 livestock	 industry,	 particularly	 in	
conjunction	 with	 the	 dissemination	 of	 genetic	
material	and	 the	banking	of	genome	resources	 to	
preserve	valuable	transgenic	lines.	However,	the	use	
of	AI	 in	 small	 ruminants	has	 important	 challenge	
about	 their	 sperm	parameters	which	are	 affected	
by	 cryopreservation.	 Freezing/thawing	 processes 
induce	 sublethal	 damage	 to	 the	 spermatozoa,	
which	may	 result	 in	 loss	 of	 sperm	 functions	 and	
damage	of	deoxyribonucleic	acid	(DNA)	(Watson	et 
al.	2002).	
The	 damage	 taking	 place	 during	 cryopreser-
va	tion	has	been	attributed	to	cold	shock,	 ice	crys-
tal	 formation,	 oxidative	 stress,	 osmotic	 chan	ges	
and	 lipid-protein	 reorganizations	 within	 the	 cell	
membranes	(Watson	1995).	A	characteristic	feature	
of	 biological	 membranes	 is	 the	 asymmetrical	
arrangement	of	 lipids	within	the	bilayer.	The	li	pid	
composition	 of	 the	 plasma	 membrane	 of	 mam-
malian	sperm	 is	markedly	different	 from	those	of	
mammalian	 somatic	 cells.	 Sperm	 cells	 contain	 a	
high	content	of	polyunsaturated	fatty	acids.	
The	 ratio	 of	 unsaturated	 to	 saturated	 fatty	
acids	 in	 small	 ruminant	 sperm	 membranes	 is	
also	 higher	 than	 in	 other	 species,	 making	 the	
membranes	 more	 susceptible	 to	 peroxidative	
damage	 in	 the	 presence	 of	 ROS	 -	 with	 impaired	
function	of	the	sperm	(Aitken	et al	1989,	Alvarez	
and	Storey	1995,	Maxwell	and	Watson	1996).	The	
integrity	of	 sperm	DNA	have	vital	 importance	 to	
the	sperm	cell.	Some	authors	suggest	that	sperm	
DNA	integrity	is	a	more	objective	marker	of	sperm	
function	as	apposed	to	the	sperm	parameters	such	
as	 motility.	 DNA	 damage	 could	 be	 result	 of	 free	
radical	induced	damage	(Twigg	et al	1998,	Rajesh	
et al	2002).	
Ergothioneine	is	known	to	be	formed	in	mi	cro	-
organisms	 (Melville	 1959,	 Jocelyn	 1972,	 Hartman,	
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1990)	 as	 an	 important	 low-	 molecular-mass	
thiol,	 which	 is	 principally	 present	 in	 millimolar	
concentrations	 in	 specific	 tissues	 such	 as	
erythrocytes,	 kidney,	 seminal	 fluid	 and	 liver	
(Kaneko	 et al	 1980,	 Mann	 and	 Lutwak-Mann	
1981).	 It	 scavenges	 singlet	 oxygen	 (Dahl	 et al 
1988),	 hydroxyl	 radicals	 (Akanmu	 et al	 1991)	
and	 peroxyl	 radicals	 (Asmus	 et al	 1996),	 and	
has	 been	 linked	 to	 the	 metabolism	 of	 iron,	
copper	and	zinc	(Motohashi	et al	1976).	 In	some	
studies,	 it	 protected	 spermatozoa	 from	 oxided	
and	 peroxided	 chemicals	 during	 fructolysis	 of	
spermatozoa	(Mann	and	Lutwak-Mann	1981)	and	
improved	 the	 post-thaw	 motility	 of	 ram	 sperm	
(Çoyan	et al	2011).	To	our	knowledge,	there	is	not	
any	 study	which	 investigated	 the	 protective	 role	
of	 antioxidant	 ergothioneine	 on	 DNA	 damage	 of	
Merino	ram	sperm.	The	novelty	of	this	study	was	
to	 determine	 the	 effect	 of	 ergothioneine,	 prior	
to	 cryopreservation,	 on	 sperm	DNA	 integrity	 for	
frozen-thawed	Merino	sperm.
MATERIAL AND METHODS
Animals and semen collection. Semen	samples	
from	 5	 mature	 Merino	 rams	 (1	 and	 2	 years	 of	
age)	were	used	in	the	study.	The	rams,	belonging	
to	 the	University	of	 Selcuk,	Faculty	of	Veterinary	
Medicine,	were	maintained	under	uniform	feeding,	
housing	and	lighting	conditions.	A	total	number	of	
50	ejaculates	were	collected	from	the	rams	using	
an	artificial	vagina,	during	the	breeding	season.
Semen extending, freezing and thawing. The	
volume	 of	 ejaculates	 was	 measured	 in	 a	 conical	
tube	 graduated	 at	 0.1	ml	 intervals.	 A	 Tris-based	
extender	 (Tris	297.58	mM,	 citric	acid	96.32	mM,	
fructose	82.66	mM,	egg	yolk	15%	(v/v),	 glycerol	
5%	(v/v),	pH	6.8)	was	used	as	the	base	extender.	
Only	ejaculates	including	spermatozoa	with	>80%	
progressive	 motility	 and	 concentration	 higher	
than	 2.5×109	 spermatozoa/ml	 were	 pooled,	
balancing	 the	 sperm	 contribution	 of	 each	 male	
to eliminate	 individual	differences.	 Seven	pooled	
ejaculates	were	included	in	the	study.	Each	pooled	
ejaculate	was	divided	into	four	equal	aliquots	and	
diluted	at	37oC	with	the	base	extender	containing	
ergothioneine	 (F3455	 Bachem	 AG,	 Bubendorf,	
Switzerland)	at	1,	2	and	4	mM,	and	no	antioxidant	
(control),	 respectively,	with	a	 final	 concentration	
of	 approximately	 4×108	 spermatozoa/ml	 in	 a	 15	
ml-plastic	centrifuge	tube.	Diluted	semen	samples	
were	aspirated	into	0.25	ml	French	straws,	sealed	
with	 polyvinyl	 alcohol	 powder	 and	 equilibrated	
at	5oC	for	3	h.	After	equilibration,	the	straws	were	
frozen	 in	 liquid	 nitrogen	 vapor,	 4	 cm	 above	 the	
liquid	nitrogen,	for	15	min	and	plunged	into	liquid	
nitrogen	for	storage.	After	storage	for	one	month,	
the	 frozen	 straws	 were	 thawed	 individually	 at	
37oC	for	20	s	in	a	water	bath	for	the	evaluation	of	
sperm	DNA	damage.
Evaluation of sperm DNA damage. Sperm	DNA	
damage	was	investigated	using	the	single	cell	gel	
electrophoresis	(COMET)	assay	that	was	generally	
performed	at	neutral	conditions.	Our	method	was	
similar	to	several	protocols	with	few	modifications	
in	previous	studies	(Duty	et al	2002,	Li	et al	2008).	
The	 straws	 were	 thawed	 by	 gently	 shaking	 in	 a	
37°C	water	bath	for	10s,	and	centrifuged	at	600	X	
g	for	10	minutes	at	4°C.	The	remaining	sperm	cells	
were	washed	with	PBS	(Ca	2+	and	Mg	2+	free ). Each	
precleaned	 slide	 was	 pre-coated	 with	 a	 layer	 of	
1%	normal	melting	point	agarose	in	PBS	(Ca++	and	
Mg++	 free)	 and	 then	 dried	 at	 room	 temperature.	
Approximately,	100.000	sperm	cells	(18	µl)	were	
mixed	 with	 0.75	 %	 low	 melting	 point	 agarose	
(50	µl)	at	37°C,	and	this	suspension	was	dropped	
onto	 the	 first	 agarose	 layer.	 Slides	were	 allowed	
to	solidify	for	20	min	at	4°C.	The	coverslips	were	
removed	and	the	slides	were	immersed	in	freshly	
prepared	 cold	 lysis	 buffer.	 The	 slides	 were	 then	
incubated	at	37°C	in	lysis	buffer	with	20	μg/ml	of	
proteinase	for	2h.	The	slides	were	removed	from	
the	lysis	buffer,	drained	and	placed	in	a	horizontal	
electrophoresis	 unit	 filled	 with	 fresh	 neutral	
electrophoresis	buffer	at	4°C	for	20	min	incubation	
to	allow	the	DNA	to	unwind.	
Electrophoresis	was	performed	at	room	tem-
pe	rature,	 at	 25	 V	 for	 20	min.	 Following	 electro-
phoresis,	the	slides	were	air-dried	and	subsequently	
stained	with	 50	 μl	 of	 8	 μl/ml	 ethidium	 bromide	
and	covered	with	a	coverslip. The	 images	of	200	
randomly	 chosen	 nuclei	 were	 analyzed	 visually.	
Observations	 were	 made	 at	 a	 magnification	 of	
400	 x	 using	 a	 fluorescent	microscope	 (Olympus,	
Japan).	Each	image	was	classified	according	to	the	
intensity	of	the	fluorescence	in	the	comet	tail,	and	
given	a	value	of	0,	1,	2,	3	or	4	(from	undamaged	
class	 0	 to	 maximally	 damaged	 class	 4).	 Damage	
was	 detected	 by	 a	 tail	 of	 fragmented	 DNA	 that	
migrated	from	the	sperm	head,	causing	a	“comet”	
pattern,	 whereas	 whole	 sperm	 heads,	 without	 a	
comet,	were	not	considered	as	damaged.
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Tab. 1 DNA	damage	in	semen	supplemented	with	different	doses	of	Ergothioneine	of	Merino	ram	semen
Groups Control
Ergothioneine	
1	mM
Ergothioneine	
					2	mM
Ergothioneine	.	4	mM
DNA	damage	(%) 7.9	a 5.4	b 4.7	b 3.2	c
a,	b,	c,	d:	Different	superscripts	within	the	same	row	demonstrate	significant	differences	(P<0.01)
Statistical analysis. The	study	was	repeated	
seven	 times.	 Statistical	 analyses	were	performed	
by	 using	 SPSS	 11.5	 package	 program.	 In	 order	
to	 compare	more	 than	 2	 independent	 groups	 in	
terms	of	categorical	variables,	the	chi-square	test	
was	used.	Differences	with	values	of P<0.01	were	
considered	to	be	statistically	significant.	
RESULTS AND DISCUSSIONS
As	shown	in	Table	1,	the	addition	of	ergothio-neine	at	doses	of	1,	2	and	4	mM	resulted	in	lower	
sperm	with	damaged	DNA	(5.4%,	4.7%	and	3.2%)	
than	that	of	control	(7.9%),	thus	reducing	the	DNA	
damage	(P<0.01).
This	 study	 was	 performed	 to	 investigate	
which	 ergothioneine	would	provide	 the	 effective	
protection	against	DNA	damage	during	the	freezing	
process	 of	 ram	 sperm.	 Sperm	 freezing	 enhances	
oxidative	 stress,	which	 not	 only	 deteriorates	 the	
motility	 and	 fertilizing	 ability	 of	 spermatozoa,	
but	 also	 increases	 DNA	 damage;	 causing	 high	
frequencies	 of	 single-and	 double-stranded	 DNA	
breaks	(Alvarez	and	Storey	1989,	Bell	et al	1993,	
Aitken	et al	1998).	Antioxidant	mechanisms	such	
as	GSH,	GSH-PX	and	SOD	exist	to	maintain	defense	
against	 oxidative	 stress-induced	 damages	 in	
semen.	 Mammalian	 spermatozoa	 may,	 however,	
be	 insufficient	 in	 counteracting	 the	 damaging	
effects	of	ROS	and	LPO	during	the	freeze-thawing	
process	 (Storey,	 1997,	 Chen	 et al.	 2003).	 The	
supplementation	 of	 the	 freezing	 extender	 with	
additives	 (carnitine,	 cysteine,	 GSH,	 methionine,	
inositol	 and	 raffinose)	 have	 been	 providing	 the	
cryoprotective	 effect	 to	 spermatozoon	 functions	
and	 DNA	 damage	 (Bucak	 et al	 2010,	 Tuncer	
et al	 2010a,	 Tuncer	 et al	 2010b).	 The	 Comet	
assay	 or	 single	 cell	 gel	 electrophoresis	 (SCGE)	
is	 a	widely	 applied	 technique	 for	measuring	and	
analysing	 DNA	 breakage	 in	 individual	 cells.	 The	
methodology	 developed	 in	 the	 mid-1980s	 was	
originally	 introduced	 by	 Östling	 and	 Johanson	
(1984).	 Later,	 Singh	 et al	 (1988)	 modified	 it	 by	
including	 unwinding	 under	 alkaline	 conditions.	
Small	numbers	of	cells	that	have	been	exposed	to	
a	 physical	 or	 chemical	 agent	 are	 embedded	 in	 a	
thin	agarose	gel	on	a	microscope	slide.	The	cells	
are	 lysed	 and	 the	 DNA	 subsequently	 allowed	 to	
unwind	under	different	pH	conditions.	
By	choosing	different	pH	conditions	for	electro-
phoresis	 and	 the	 preceding	 incubation,	 different	
levels	of	damage	and	sensitivity	can	be	assessed.	
The	degree	of	DNA	migration	can	be	correlated	to	
the	extent	of	DNA	damage	occurring	in	each	single	
cell	(Faust	et al	2004).	The	Comet	assay	is	a	useful	
methods	for	examining	points	related	to	oxidative	
stress	 in	cells	 (Anderson	et al.	1994).	As	regards	
its	 ability	 to	detect	 oxidative	 stress,	 it	 is	 used	 as	
a	biomarker	of	antioxidant	effectiveness	on	sperm	
freezing	 (Bucak	 et al	 2010,	 Tuncer	et al	 2010b). 
Further,	 this	 assay	 has	 examined	 the	 oxidant/
antioxidant	 effects	 of	 various	 additives	 in	 vivo	
(Anderson	and	Phillips	1999). It	has	also	proved	a	
valid	 technique	to	evaluate	whether	antioxidants	
are	 able	 to	 protect	 the	 integrity	 of	 the	 genetic	
material	in	biological	studies	(Heaton	et al.	2002,	
Novotna	et al	2007,	Tuncer	et al	2010a).
The	present	study	showed	that	ergothionine,	
at	 doses	 of	 1,	 2	 and	 4mM,	 had	 protective	 effect,	
and	 preserved	 DNA	 integrity	 of	 sperm	 against	
cryodamage.	 This	 finding	 is	 in	 agreement	 with	
the	result	of	studies	performed	on	goat	(Ibrahim	
et al	 2008,	 Tuncer	 et al	 2010b) and	 bovine	
sperm	 in	 which	 an	 improvement	 was	 observed	
in	 DNA	 damage	 in	 the	 presence	 of	 antioxidants,	
following	 the	 freeze-thawing	 process.	 Our	 study	
also	 confirmed	 that	 the	 DNA	 damage	 score	 was	
minimized	 when	 ergothionine	 were	 applied	 at	
increasing	 doses.	 This	 result	 was	 supported	 by	
studies	 in	 bovine	 and	 goat	 sperm,	 where	 DNA	
integrity	were	improved	in	the	presence	of	cysteine	
(Tuncer	et al	 2010a)	 and	 raffinose	 (Tuncer	et al 
2010b)	at	 increasing	doses,	 following	the	freeze-
thawing	process.		
BUCAK	et al
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CONCLUSION
In	conclusion,	it	is	stated	that,	compared	to	the	
control,	the	use	of	antioxidant	ergothionine	in	the	
freezing	extender	provided	a	great	cryoprotective	
effect	 on	 DNA	 integrity	 of	 ram	 sperm	 against	
cryodamage.
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